The thermal unfolding of ribonuclease A. A 13C NMR study.
The 13C nuclear magnetic resonance (NMR) spectra of ribonuclease A over the pH range 1-7 and between 6 and 70 degrees C reveal many of the details of its reversible unfolding. Although the unfolding may loosely be described as 'two-state', evidence is presented for intermediate unfolding stages at least 10 degrees C on either side of the main unfolding transition, particularly at low pH. The first residues to unfold are 17-24, in agreement with other results. The C-terminal region shows a steeper temperature dependence of its unfolding than does the main transition, which itself is shown to lead at all pH values to a semi-structured but internally flexible state which is far from being truly random-coil. This is confirmed by measurements of T1 and of nuclear Overhauser enhancement. Indeed, even at pH 1.1 and 70 degrees C there is evidence for considerable motional restriction of cysteine and proline residues, amongst others. The native protein has more variability of structure at low pH than at neutral pH, and also interchanges more rapidly with the semi-structured, denatured state.